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I. INTRODUCTION
Electrical power systems are a large interconnected network that requires a careful design to maintain the system with continuous power flow operation without any limitations. Flexible Alternating Current Transmission System (FACTS) is an evolving technology used to help electric utilities fully utilize their transmission assets. This concept was first introduced by N. G. Hingorani [1] . Many types of FACTS devices have been proposed, among them Unified Power Flow Controller (UPFC) is a versatile and flexible device in the FACTS family of controllers which has the ability to simultaneously control all the transmission parameters of power systems i.e., voltage, impedance and phase angle which determines the power flow of a transmission line. This device was proposed by Gyugyi [2] and Gyugyi et al. [3] . The UPFC seem to be consists of two Voltage Source Converters (VSCs), one VSC is connected in series to the transmission line through a series transformer, similarly the other is connected in shunt to the transmission line through a shunt transformer and both are connected back to back through a DC storage capacitor (Gyugyi et al. [3] ). In this paper the performance of UPFC is investigated on power systems effectively, to this it is required to formulate their appropriate model. In the area of power flow analysis the UPFC models have been published (Fuerete-Esquivel and Acha [4] , [5] ; Noroozian et al. [6] ; and Nabavi-Niaki and Iravani [7] , [8] ) and consider the UPFC as one series voltage source and one shunt current source model or both the series and shunt represented by two voltage sources.
In the area of power flow concept the UPFC is represented by two voltage sources called Voltage Source Model (VSM) (Fuerete-Esquivel and Acha [9] ) also introduced another model called the Power Injection Model (PIM).
The Voltage source model of UPFC is incorporated in N-R algorithm in to estimate the performance of UPFC in power flow control. Generally there are ways of solving power flow solutions, the Sequential and the simultaneous method: In the first method, the equations of UPFC are separated from the power flow equations and both the set of equations are solved separately and sequentially.
In simultaneous method, the equations of UPFC and the power flow equations are combined in to one set of non-linear algebraic equations which find less complexity. A Jacobian matrix is then formed and are in non symmetric in nature. Here in this paper the simultaneous method is used.
II. OPERATING PRINCIPLE OF UPFC
The UPFC consists of two voltage source converters, one connected in series to the transmission line through a series transformer and the other in shunt to the transmission line through a shunt transformer, both are connected back to back through a DC link and can modelled as two ideal voltage sources between the two busses (Fuerete-Esquivel and Acha [9] ; and Fuerete-Esquivel et al. [10] ). The UPFC allows simultaneous control of active power flow, reactive power flow, and voltage magnitude at the UPFC terminals. Alternatively, the controller may be set to control one or more of these parameters in any combination or to control none of them. The active power demanded by the series converter is drawn by the shunt converter from the AC network and supplied to bus m through the DC link. The output voltage of the series converter is added to the nodal voltage, at say bus k, to boost the nodal voltage at bus m. In  to providing a supportive role in the active power exchange that take place between a series converter and the AC system, the shunt converter may also generate or absorb reactive power in order to provide independent voltage magnitude regulation at its point of connection with the AC system. 
III. MODELLING OF UPFC
The two ideal series and shunt voltages source equations of the UPFC from Fig. 1 
Based on the voltage source model of UPFC the active and reactive power equations are:
At node k:
At node m: 
Shunt converter:
where:
Assuming the UPFC converters were loss-less in this voltage source model, which implies that there is no absorption or generation of active power by the two converters for its losses and hence the active power supplied to the shunt converter P sh equals the active power demand by the series converter P se at the DC link. Then the following equality constraint has to be guaranteed.
Further more if the coupling transformers are assumed to contain no resistance then the active power at the bus k matches the active power at bus m, then: 
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IV. NEWTON-RAPHSON ALGORITHM AND FLOW CHART WITH INCORPORATION OF THE UNIFIED POWER FLOW CONTROLLER
From the mathematical modelling point of view, the set of nonlinear, algebraic equations that describe the electrical power network under the steady state conditions were solved for the power flow solutions. Over the years, several approaches have been put forward to solve for the power flow equations. Early approaches were based on the loop equations and methods using Gauss-type solutions.
This method was laborious because the network loops has to be specified by hand by the systems engineer. The drawback of these algorithms is that they exhibit poor convergence characteristics when applied to the solution of the networks. To overcome such limitations, the Newton-Raphson method and derived formulations were developed in the early 1970s and since then it became firmly established throughout the power system industry (Gyugyi et al. [3] ).
In this project a Newton Raphson power flow algorithm was used to solve for the power flow problem in a transmission line with UPFC as shown in the flow chart in Fig. 3 .
A. Steps to Solve the Newton-Raphson Algorithm
Step 1: Read the input of the system data that includes the data needed for conventional power flow calculation, i.e., the number and types of buses, transmission line data, generation, load data and location of UPFC and the control variables of UPFC, i.e., the magnitude and angles of output voltage series and shunt converters.
Step 2: Formation of admittance matrix Y bus of the transmission line between the bus i and j.
Step 3: Combining the UPFC power equations with network equation, we get the conventional power flow equation:
where: ' ' ii PQ  Active and reactive power flow due to UPFC between the two buses Step 4: The conventional Jacobian matrix are formed (P i k and Q i k ) due to the inclusion of UPFC. The inclusion of these variables increases the dimensions of the Jacobian matrix.
Step 5: In this step, the Jacobian matrix was modified and power equations are mismatched (ΔP i k , ΔQ i k for i = 2, 3, …, m and ΔP ii k , ΔQ ii k ).
Step 6: The busbar voltages were updated at each iteration and convergence was checked.
Step 7: If convergence is not achieved in the next step the algorithm goes back to the step 6 and the Jacobian matrix is modified and the power equations were mismatched until convergence was attained.
Step 8: If the convergence achieved in Step 7, the output load flow was calculated for PQ bus that includes the Bus bars voltages, gene-ration, transmission line flow and losses. The network was tested without UPFC and with UPFC. And it was observed that the UPFC parameters were within limits. It was also observed that the losses between buses 1 and 2 are more compared to the remaining. Hence the UPFC is introduced between buses 1 and 2 to reduce the losses. From Table I it is observed that the power flow for the line active and reactive powers will be regulated due to the UPFC and losses get reduced. The voltages of the buses with and without UPFC are also tabulated in Table II which indicates that the voltage got increased in each bus due to placing of UPFC. Waveforms without UPFC are shown in (Fig. 5-Fig. 9 ) and Waveforms with UPFC are in (Fig. 10-Fig. 14) . Fig.  5 and Fig. 10 show the bus voltages without and with UPFC. From these figures it has been observed that the magnitude of the bus voltages have been increased due to placing of UPFC in the bus network. Fig. 6 and Fig. 11 show the phase angles without and with UPFC. From these figures it has been observed that the magnitude of the phase angles have been decreased due to placing of UPFC in the bus network. Fig. 7 and Fig. 12 show the active power flow without and with UPFC. From these figures it has been observed that the active power flow has been regulated due to placing of UPFC in the bus network. Fig. 8 and Fig. 13 show the reactive power flow without and with UPFC. From these figures it has been observed that the reactive power flow has been regulated due to placing of UPFC in the bus network. Fig. 9 and Fig. 14 show the total losses without and with UPFC. From these figures it has been observed that the total losses have been reduced due to placing of UPFC in the bus network. 
VII. CONCLUSIONS
In this paper the UPFC Voltage Source Model (VSM) is used to investigate the performance of the Unified Power Flow Controller (UPFC) and thereby the load flow studies are done by incorporating the Voltage Source Model of UPFC in the Newton Raphson (N-R) algorithm.
The N-R algorithm is able to control the flow of power and voltage individually as well as simultaneously. The result for an IEEE-30 Bus system has been presented above with and without UPFC and are compared in terms of Real and Reactive power flow and the Voltage magnitude.
It was observed that the UPFC regulates the real and reactive power of the buses and the lines and it also controls the voltage of the bus within specified limits, thereby reduces the total losses in the lines.
